Titin is a giant sarcomeric protein that extends from the Z-line to the M-line. Due to its location, it represents an important biomechanical sensor, which has a crucial role in the maintenance of the sarcomere structural integrity. Titin works as a "bidireactional spring" that regulates the sarcomeric length and performs adequate adjustments of passive tension whenever the length varies. Therefore, it determines not only ventricular rigidity and diastolic function, but also systolic cardiac function, modulating the Frank-Starling mechanism.
Introduction
Titin, initially described as connectin, is a giant protein of great elasticity that can be found only in the cardiac and skeletal muscles. Structurally, it is located within the sarcomeres, where it binds to and interacts with other important myofilament proteins, namely actin and myosin.
In the last decade, it has been demonstrated that titin is a structurally complex protein that has an important role in striated muscle action, particularly in the cardiac muscle. Among its several actions, its role in the maintenance of the structure and architecture of the sarcomere is emphasized, allowing the correct alignment of actin and myosin myofilaments, as well as its "elastic" function, which allows the regulation of the length and distensibility of the sarcomere, thus influencing not only the cardiac diastolic function, but also the systolic function by the Frank-Starling law.
The present review article intends to review the structure and main physiological actions of titin, namely its importance in determining the diastolic and systolic cardiac function and the implications of alterations in this macromolecule in the pathophysiology of heart failure (HF).
Structure and location of titin
Titin is the largest protein found in mammalians, varying from 2970 and 3700 kD, depending on the isoform 1 . It is encoded by a single gene, located on the long arm of chromosome 2 in the 2q31 region, consisting of 363 exons. In the heart, titin has two isoforms, N2B and N2BA, which are generated by alternative splicing 1 .
Titin is constituted mostly by two types of domains: fibronectin type III-like (called Fn-3 domains) domains and immunoglobulin-like (Ig) domains (Ig domains). In addition to these domains, titin also contains a kinase domain, located close to the carboxyl-terminal and several unique-sequence regions [1] [2] [3] (Figures 1 and 2) .
Titin is an intrasarcomeric protein, around 1 µm in length, which extends from the Z-line to the M-line 2 . Thus, titin encompasses four sarcomere zones, due to which it is traditionally divided in distinct regions, called respectively M-line region, A-band region, I-band region and Z-line region (Figure 1 ). The Z-line region contains the amino-terminal, whereas the carboxyl-terminal is located in the M-line region.
As described next, titin interacts with other proteins in the Z-line region, being also involved in mechanisms of intracellular signaling, functioning as a biomechanical sensor 4 . The A-band region contains the majority of the titin molecule, which, in this region, is formed by single repeats of Ig and Fn3 domains and represents a component that constitutes the thick filament ( Figure 1 ). Therefore, this region of titin is not extensible and its composition is similar in the different isoforms of the molecule (N2B and N2BA) 5 . Contrarily, the I-band region is very extensible, given its capacity to elongate or coil, functioning as an "elastic" binding between the thick The N2BA isoform has one more elastic element in series in the N2 region (segment N2A), conferring it higher levels of elasticity. Therefore, for any length, the passive tension developed by the N2BA isoform is lower than that developed by N2B. filament and the Z-line ( Figure 3 ). Structurally, the portion of titin present in the I-band is much more complex than the A-band region, consisting of Ig domains, N2 region and PEVK segment (rich in the amino acids proline (P), glutamate (E), valine (V) and lysine (K)) 3,6 ( Figure 2 ). Moreover, it is the I-band region that differentiates the titin isoforms 6 , as the sub-region N2 can have two distinct elements: N2A and/or N2B ( Figure 2 ). The N2A element consists of a region with four Ig domains and a unique 106-residue region and the N2B element is constituted by a region with three Ig domains and a unique 572-residue region. The N2A sequences are present in both the cardiac and skeletal muscle, whereas the N2B sequences are exclusively present in the cardiac muscle 6 .
Elastic properties of titin
The main characteristic of titin is its high degree of elasticity, which allows it to stretch and shorten, thus regulating the sarcomere length and muscle function. Titin constitutes the main determinant of passive tension of cardiomyocytes for physiological sarcomeric lengths, whereas, for supraphysiological lengths, the extracellular matrix collagen becomes more important 2 .
As mentioned before, the elastic properties of titin are mainly due to the I-band region, as in the A-band region titin is practically inextensible 7, 8 . The elasticity of titin in the I-band region is given by a molecular structure constituted by several extensible segments, namely by a large number of Ig segments, a PEVK segment and the N2 region ( Figures 1, 2 and 3). The behavior of these different segments during muscle stretching and the development of passive tension is complex, as the several segments have different passive tension-length relationships and, additionally, each one stretches at different moments, according to the sarcomere length.
In the absence of external forces, the cardiomyocyte sarcomeres are 1.9 µm in length and, in these resting conditions, titin is in the contracted state ( Figure 3 With the increase in length, the immunoglobulin domain is the first to stretch (by stretching the binding between the Ig) (B). Starting at the length of 2.15 µm, the PVEK and N2 segment start to unfold, allowing the accommodation of the length increase without an excess development of passive tension (C).
Figure 4 -
Passive tension/length relationship of the sarcomere in heart cardiomyocytes that mostly express the N2B or N2BA isoforms. The coexpression of the two isoforms of titin at varied ratios allows intermedial passive properties to be attained (purple doble arrow), which, therefore, can work as a rigidity adjustment mechanism in long term. Ways to alter the properties of the two isoforms in short term, such as phosphorylation and interaction with calcium, are also demonstrated (blue arrows). (Adapted from Henk and cols., 2004).
With the progressive stretching of the sarcomere, initially the Ig sequence stretches due to the elongation of the binding between the different Ig domains. The PEVK segments only start to elongate at 2.15 µm, and, subsequently, the N2 segments, especially due to the unfolding of its domains 8 . It is this complex behavior observed in the extensible region of titin that makes the passive tension-length curve of sarcomere non-linear, that is, as it can be observed in Figure 4 , the longer the sarcomere, the higher the inclination of the length-passive tension curve [1] [2] [3] 7 . This behavior does not allow, during the elongation of the sarcomere that occurs during diastole, the development of an excessive passive tension, which would impair the diastolic function.
Titin is not only the main determinant of passive tension in response to stretching, but also functions as a two-directional elastic coil. That happens because, on the contrary, when the sarcomere length is shortened to lengths that are lower than the resting length, titin also generates an elastic force that has a contrary direction to that of the traditional passive tension. This force, called "restoring force", allows the rapid re-establishment of the sarcomere length to the resting values, pushing the thick filament away from the Z-line 9 .
Titin in the cardiac muscle
There are two titin isoforms in the cardiac muscle: the N2B isoform and the N2BA isoform. The N2B is the smaller of the two (2970 kDa) as in the N2 sub-region it is constituted only by the N2B element. In turn, the N2BA isoform is larger (3200 to 3400 kDa) and contains both elements: N2B and N2A. In humans, the N2BA and the N2B isoforms are present in each half of the sarcomere, at a ratio of approximately 30/70 10 .
The N2BA isoform has one more extensible element in the I-band region, and thus, this isoform is more distensible and less rigid than the N2B isoform ( Figure  2 ). Therefore, the cardiomyocytes that express larger amounts of the N2B isoform are more rigid than those that express a larger relative proportion of the N2BA isoform 1, 3, 11 . Additionally, the relative proportion of the different isoforms also determines the elastic recoil after the ventricular contraction. The cardiomyocytes with a high degree of expression of the N2B isoform, which is more rigid, also present a higher restoring force, that is, after the contraction, the sarcomere length returns faster to the resting length. That occurs because, as the N2B isoform is less extensible, it does not only exercise a higher passive tension during stretching, but also generates a higher force to return to the resting length after the contraction. Therefore, in ventricles with high proportions of N2B isoform, there is a higher velocity of elastic recoil, leading to a shortening in the initial diastolic phase duration 6 .
Titin's functions on the cardiac muscle Titin as a determinant of diastolic cardiac function
The main determinants of diastolic cardiac function are the myocardial relaxation and passive ventricular properties. Whereas the myocardial relaxation is modulated by load, by inactivation (associated to calcium kinetics and myofilament dissociation) and by the non-uniformity of the ventricular wall, the myocardial passive properties are influenced by the myocardial rigidity, by the left ventricular wall thickness and by the geometry of the cardiac chambers 12 .
The diastolic dysfunction is caused by myocardial relaxation retardation and/or alterations in the passive properties of the ventricle, namely by the increase in the ventricular rigidity 12 .
Influence of titin in ventricular passive properties
The increase in ventricular rigidity can be caused by alterations in the intrinsic characteristics of the cardiomyocytes -such as modifications in the constitution of cytoskeleton proteins or the endosarcomeric proteins (such as alterations in titin or alpha-actinin) -or by alterations in the constitution of the extracellular matrix, namely by the increase in the collagen network and extracellular fibrosis 12 .
Titin is an important determinant of diastolic function, as it influences the cardiomyocyte rigidity, and thus, the passive properties of the ventricle. As seen before, due to its strategic location in the sarcomere and its unique elastic properties, titin is main determinant of passive tension of the cardiomyocyte, for physiological sarcomere lengths 7, 13 , with the relative contribution of the intermedial filaments and microtubules being < 10% 14 . For lengths above 2.3 µm, which are rarely achieved in an intact heart, the passive tension starts to be determined essentially by collagen and the extracellular matrix 7, 11 .
The importance of titin in determining the diastolic function has an impact at the pathophysiological level, considering that, as it will be shown next, it has been demonstrated that patients with diastolic HF present an alteration in the relative proportion of titin isoforms, with an increase in the N2B isoform (more rigid), which seems to explain the increase in the ventricular rigidity observed in these individuals 15 .
Influence of titin in ventricular relaxation
Titin does not only determine ventricular rigidity. As mentioned before, titin also has elastic properties that function in a two-directional fashion, that is, if on the one hand it generates passive tension when the muscle is stretched, on the other hand, when the sarcomere shortens, titin generates a "restoring force", which has an opposite direction to that of the passive tension and allows a rapid recovery of the resting length of the sarcomere 9 .
In hemodynamic terms, this "restoring force" generated by titin allows the increase in the velocity of the ventricular relaxation and the formation of a "ventricular suction" phenomenon. This force allows the increase in the ventricular filling, especially in the initial diastolic phase, which can be particularly important in situations of physical exertion or other tachycardic situations 16 .
Moreover, even before the start of the diastole, titin also has an effect by determining the end of the myocardial contraction, a process that is also dependent on the sarcomere length. In fact, when the sarcomere shortens to values lower than the resting length, titin will facilitate the process of deactivation of the cross-bridges, influencing and determining the end of the muscle contraction 9, 16 .
Titin as a determinant of systolic cardiac function
Titin is an important determinant of the diastolic cardiac function, but it also influences the systolic function, through the effect it has on the Frank-Starling relationship 17 .
According to the Law of Frank-Starling, the increase in preload, i.e., the increase in the telediastolic volume improves the systolic function, originating an increase in the ejection volume. Titin, as a determinant of ventricular rigidity and of the passive ventricular properties, influences the telediastolic pressure-volume relationship and thus, the ventricular filling and telediastolic volume 18 .
At cellular level, the Frank-Starling mechanism is explained by the increase in the sensitivity of the Ca 2+ filaments in response to the increase in sarcomere length 19 . Titin has a fundamental role in the regulation of this mechanism, as the passive tension exercised by titin directly determines the increase in the sensitivity of the calcium myofilaments 17, 20, 21 . Moreover, titin, as the structural element of the thick filament in the region of the A-band, is also capable of directly influencing the binding between the actin and myosin filaments, according to the sarcomere length. That is, when the sarcomere length increases, titin seems to potentiate the binding between the actin and the myosin filaments, with the consequent increase in the contraction force 22 . Therefore, titin is capable of potentiating the cycle of cross-bridges when the sarcomere is stretched and when it is shortened to lengths below that of the resting length, titin is also capable of inhibiting the formation of cross-bridges 16 .
Titin in the intracellular signaling: a biomechanical sensor
In addition to its structural and elastic function, titin also functions as a biomechanical sensor. Given its capacity to stretch and shorten, titin is sensitive to the degree of stretching of the cardiomyocyte 6,23 , being then capable of transmitting this biomechanical signal by binding and interacting with several structural and signaling proteins. This signaling occurs mostly in three main regions: the Z-line, the central part of the I-band and the M-line 1, 6, 23 In the region of the Z-line, titin binds to the protein teletonin (T-cap), which functions as a place of interconnection between titin and several other structural and binding molecules 23, 24 . Among these molecules are the proteins present in the T tubules and the sarcoplasmic reticulum (SR), namely ankyrin-1 (sANK 1), obscurin (RS) and potassium channels (minK/ isk). Therefore, titin influences not only the maintenance of the sarcomere structure, but also the structure and correct organization of T tubules and the sarcoplasmic reticulum 23, 24 .
Protein complexes are formed in the Z-line region, which function as tension signalers and that respond both to the passive force, generated by the titin filaments during stretching and the active force, transmitted by the actin filaments 23, 24 . At this level, there are several proteins that, by interacting with titin, participate in intracellular signaling cascades, promoting the expression of genes involved in cardiac remodeling. One of these proteins is the MLP (muscle LIM protein -a member of the LIM protein family) and it has been observed that point mutations of this protein can participate in the development of hypertrophic cardiomyopathy, as well as of dilated cardiomyopathy 24 . However, the mechanism by which titin, interacting with MLP, is capable of regulating genetic transcription has yet to be established. Apparently, when elevated tensions are generated at the level of the Z-line during the stretching, the separation between the titin and MLP binding occurs and the latter, once free, migrates to the nucleus, where it promotes the transcription of several genes involved in cardiac remodeling 24 .
At the level of the central region of the I-band, the N2B and N2BA elements function as titin binding sites for several signaling proteins. The N2B-unique sequence, which is found exclusively in the cardiac muscle, binds, through a member of the LIM protein family (proteins that contain the LIM domains -an arrangement of eight cysteine and histidine residues in the configuration (C-X 2 -C-X 16/23 -H-X 2 -C-X 2 -C-X 2 -C-X 16/21 -C-X 2/3 -C/D/H)) known as DRAL/FHL 2, to several metabolic enzymes. In states of increased energy need, the function of DRAL/ FHL 2 as binding agent between titin and enzymes such as kinase or adenylate kinase becomes increasingly important, increasing the ATP supply 24 .
The titin ligands in the I-band region, as well as the proteins associated to them, are also found in the nucleus, where they function as transcription and cell-cycle regulators and they can also be involved in the long-term alterations of the passive properties of cardiomyocytes 1 . An example is the interaction with obscurin, a protein with several signaling domains. This titin-obscurin complex responds to the sarcomere stretching and it is involved in the sarcomeric restructuring that occurs, for instance, in muscular adaptation and heart failure 2 .
The titin region adjacent to the M-line also has sites potentially involved in the sensitivity of myofilaments for Ca 2+ and participates extensively in the intracellular signaling mechanisms 2, 23 .
Other titin functions
In addition to the aforementioned functions, the participation of titin in the process of protein folding, gene expression regulation and several ion channel regulation has started to be investigated 23 .
Moreover, titin is also important in the process of myofibrillogenesis, forming a type of a structural mold for the correct disposition and organization of actin and myosin filaments 25 . The loss of titin originates an abnormal organization of the sarcomere, as recently demonstrated 26 .
Modulation of titin properties
Titin functions in the sarcomere as a dynamic element, which can be modulated, either at short or long-term, by several factors, allowing the myocardium to modify its compliance in response to the numerous hemodynamic alterations that it is subjected to 11, 27 . As shown in Figure 4 , the rigidity of the cardiac muscle varies according to alterations in the composition and the state of phosphorylation of titin. Such alterations can occur in long term, due to a modification in the relative proportion between the two titin isoforms, or, in short term, due to post-translational alterations, such as the alteration in the state of phosphorylation of titin or its binding to the calcium ion 11, 27 .
Short-term regulatory mechanisms Alteration in the phosphorylation state of titin
The N2B segment of cardiac titin can be phosphorylated by the protein kinase A (PKA), originating a decrease in its passive tension (Figure 4) 28,29. As expected, it was also observed that the decrease in the passive tension induced by titin phosphorylation by PKA is more pronounced in the cardiac muscle with more elevated levels of N2B segment expression 30, 31 .
The activation of PKA that occurs, for instance, after the beta-adrenergic stimulation, constitutes one of the main mechanisms of short-term physiological regulation of titin distensibility. It is known that the sympathetic stimulation, in addition to its positive chronotropic and inotropic effects, is also capable of improving diastolic function, increasing not only the ventricular relaxation velocity, but also ventricular compliance. This latter effect depends, among other factors, on the phosphorylation of the titin N2B isoform by PKA 27, 32, 33 .
The effects of the phosphorylation of the N2B isoform by PKA are also present at the final phase of the systole, as the decrease in the cardiomyocyte rigidity will also lead to a decrease in the restoring force of cardiomyocytes 31 . This effect, which is, in theory, of little benefit, can be counterbalanced by the fact that PKA accelerates the myocardial relaxation velocity, through the simultaneous phosphorylation of phospholamban and troponin 34 . Further studies are necessary to understand the role of the phosphorylation of titin in cardiac function.
More recently, it has also been demonstrated that either the protein kinase G (PKG) 35, 36 , or the alpha isoform of protein kinase C (PKC) 37 equally promotes titin phosphorylation. In the case of PKG, the phosphorylation occurs in the PEVK segment of isoform N2B, leading to a decrease in the cardiomyocyte passive tension 35 . In the case of phosphorylation by PKC, that occurs in the PEVK segment of both N2B and N2BA isoforms and the global effect of this phosphorylation is the increase in passive tension [35] [36] [37] .
In summary, titin works as an "adjustable coil", which, through phosphorylation/dephosphorylation, especially of its N2B segment, allows the adaptation of ventricular function to the body's necessities.
Regulation of titin by the calcium ion
The calcium ion (Ca 2+ ) has an important role as regulator of cardiomyocyte distensibility, especially due to the modulation of the interaction between titin and the thin filaments. Studies have shown that the PEVK domain in the extensible region of the N2B isoform binds to F-actin and that this interaction can contribute to the passive rigidity of cardiomyocytes 38 . Although Ca 2+ alone cannot interfere with this binding, when this ion binds to protein S100A1, which is found at high concentrations in the myocardium, this interaction is inhibited, decreasing the rigidity of the cardiomyocyte. The observation of the increase in rigidity of the cardiac muscle in parallel to the decrease in the concentration of Ca 2+ during diastole supports this mechanism 1,2,23,39 .
Mechanisms of long-term regulation of titin
As mentioned before, the cardiomyocytes express the two isoforms of titin, allowing them to reach an intermediate level of passive tension (Figure 3 ), which can be modified according to the relative proportion of N2B/N2BA expression. A higher expression of the N2B isoform is associated with an increase in the myocardial rigidity, whereas an increase in the N2BA isoform is associated with an increase in its compliance. However, the molecular mechanisms underlying the preferential expression of one of the isoforms remains to be elucidated. It is known that in response to different hemodynamic states, long-term alterations in the expression ratio of the two isoforms of titin can occur, which, as we will see next, take place, for instance, in heart failure 15 and aortic stenosis 40, 41 .
It is important to mention that the alteration in the relative proportion of titin isoforms only results in the modification of the elastic properties of titin, without altering its structural properties, as only the portion of titin present in the I-band (that is, the distensible component) undergoes alterations 11 .
In summary, cardiac function can be altered by alterations in the elastic properties of titin, which can occur in both short and long-term. As shown in Figure 4 , the increase in the expression of the N2B isoform is associated with an increase in titin rigidity. This rigidity can be reduced by the phosphorylation of titin by PKA or PKG or increased by the titin-actin interaction, which is inhibited by the Ca 2+ / S100A1 complex.
Pathophysiological implications
Titin alterations are involved in the pathophysiology of some cardiac diseases, namely diastolic heart failure (DHF) and dilated cardiomyopathy (DCM). There is increasing evidence that alterations in the expression ratio of the two titin isoforms, as well as the alteration in its phosphorylation status, are implicated in the development and progression of these diseases.
Alterations in the relative proportion of titin isoforms (N2BA/N2B)
In diastolic dysfunction, myocardial relaxation retardation and/or an increase in ventricular rigidity occur. In a more rigid ventricle, the increase in blood volume during diastole is only achieved at the expense of an increase in the ventricular filling pressure, with an increase in the telediastolic pressure-volume relation, which can originate a clinical picture of diastolic HF.
Titin, as the main determinant of passive tension of the cardiomyocyte, determines ventricular rigidity. As recently demonstrated, the cardiomyocytes extracted from endomyocardial biopsies of patients with DHF exhibited a relative increase in the expression of the more rigid titin isoform, the N2B. It was observed that, whereas in a healthy heart the normal N2BA/N2B ratio is around 30/70 10 , in patients with DHF, this ratio was 17/83; and in systolic HF, the ratio was 35/65 15 . However, the same group has recently demonstrated that the hypophosphorylation of the N2B segment of titin seems to contribute more significantly for the increase in the passive tension verified in cases of DHF 41 .
An alteration in the ratio between titin isoforms was observed in patients with dilated cardiomyopathy and eccentric remodeling, but here with a relative increase in the expression of the more distensible isoform, N2BA 10 .
At the initial phase of systolic heart failure, alterations in the isoforms of titin can function as an adaptation mechanism, as the increase in the ventricular compliance allows an increase in the telediastolic volume, and, consequently, an increase in cardiac output, according to the Frank-Starling mechanism 32 . Moreover, it is predicted that the lower restoring force developed by the cardiomyocytes during systole (due to the increase in the proportion of the more compliant isoform) would allow a decrease in the final telesystolic volume for any afterload. This decrease would occur due to the reduction in the resistance to cardiomyocyte shortening, thus increasing the ejection volume. In fact, it has been demonstrated that individuals with a higher proportion of N2BA have better tolerance to exercise due to the increase in the oxygen venous pressure 10 . This effect, which is in theory beneficial, does not occur in practice, as in the systolic HF, the Frank-Starling mechanism is altered because of the decrease in the sensitivity of myofilaments for Ca 2+ , namely due to the lower development of passive tension in the presence of an increase in the N2BA isoform 10 . Finally, an increase in titin degradation can occur in the HF heart, which can equally contribute to the attenuation of the Frank-Starling mechanism 42 . Moreover, this process subsequently becomes deadaptive, as the increase in the ventricular telediastolic volume results in more stress on the ventricular walls, stimulating and aggravating the process of cardiac remodeling 13, 32, 43 .
An increase in the N2BA/N2B ratio also occurs in ischemic cardiomyopathy, although it generally occurs due to an increase in the ventricular rigidity 44 . This observation, apparently paradoxical, can be explained by the fact that, in this situation, the increase in ventricular rigidity is due not to alterations at the cardiomyocyte level, but to alterations in the extracellular matrix with an increase in myocardial fibrosis. Here, the increase in titin N2BA isoform (less rigid) can really be a mechanism of compensation to the increase in ventricular rigidity secondary to the fibrosis process. In fact, a decrease in the passive tension of each cardiomyocyte occurs even in ischemic cardiomyopathy, probably due to increase in the N2BA isoform 10 .
Alterations in the phosphorylation state of titin
As mentioned before, titin can also undergo modulation of its rigidity in the presence of post-translational alterations, namely through the phosphorylation of the N2B segment 29 . Titin can be phosphorylated by the protein kinase A (PKA) and by the protein kinase G (PKG), leading to a decrease in its rigidity 28, 29, 31, 35 , thus inducing short-term acute alterations in ventricular rigidity.
These findings are particularly relevant, as they can also be the target of therapeutic intervention in patients with HF. In fact, the treatment with PKA of cardiomyocytes extracted from patients with diastolic HF allowed a decrease in its passive tension to levels very similar to those found in control individuals 30 . This decrease in passive tension was directly proportional to the initial rigidity of the cardiomyocytes, which is in agreement with the idea that the increase in cardiac rigidity is directly related not only to alterations in the relative expression of the isoforms, but also to the state of hypophosphorylation of the rigid isoform of titin.
As expected, due to the lower rigidity of the cardiomyocytes from patients with systolic HF, the same treatment with PKA did not result in such a significant decrease in passive tension 15 .
Both aortic stenosis and hypertensive cardiomyopathy present diastolic dysfunction, but only the latter presents a substantial increase in myocardial rigidity. In both cases, the relative expression of the N2BA/N2B isoforms and their degree of total phosphorylation are similar. However, a relative hypophosphorylation of the more rigid isoform, N2B, was observed in hypertensive cardiomyopathy, which has been proposed as the underlying mechanism to the increase in myocardial rigidity and diastolic dysfunction in this disease 40, 45 .
Alterations in titin phosphorylation seem to occur also in dilated cardiomyopathy. In these patients, a decrease in the cardiac PKA activity has been observed, which might be a compensating mechanism in response to the elevated compliance observed in the cardiomyocytes of these patients 13 .
In summary, titin, through the alteration in the expression of its isoforms and/or its phosphorylation state, seems to be a key element in the pathophysiology of several heart diseases. Moreover, titin can also be a potential target for pharmacological manipulation, thus constituting a new therapeutic target, mainly in heart failure.
